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Chapter 4. 


Waiter J. francis. — 


The construction plant of the Hyiro~Llectric yower Commission as used 
on the Gaeenston-Chippawa Power Development consisted principally of concreting 
Plant and of earth and rock excavation plant, together with all the accessories 
guch as transportation ay crashing machinery and conveying 
apparatus. The first part of this Chapter will be devoted to a description 
of the concreting Plant. 


The practice of the engineers of the Hydro-“lectric Power Commission in 
regard to concrete construction differs from the ordinary standard practice. 
Meny leading engineers are seriously sconsidering the change of present stan- 
dard practice to incorporate, entirely or in part, the principles now followed 
by he Hydro-Eleotric Power Comission, In standard practice it is the custom 
to pre-determine the amount of odneint to be used in concrete, whereas by the 
practice of the Eydro-leatric Power Commission the strength of the concrete 
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is pre~determined and the amount of cement is apportioned eocordingly. This 
has been the practice of the Commission for a number of yoars. The method 
is based in part on the watexcemont-ratio-strength-relation theory of Pro- 
fessor D» ie Abrama, and in part on the researches of Ur. L. ¥. Rawards on 


proportioning soncrete mixtures by surface aren. 


‘The coment required per bateh for a normal consistency mixture may be 
determined from the physical analysis of the aggregates used, their weight 
per cubic foot and the quantity of each in the batch. ‘The water required per 
batch is obtained by miltiplying the amount of cement required per batch by 
the proper water-coment mere Chpty maximum quantity of water per 
batch which ean be used. The water present in the aggregate mist be deducted 
from this maximum allowable quantity to obtain the amount of water which is te 
be added at the mixer in gauging. The proper deduction is determined by refer- 
ence to the tests for moisture content made daily on the aggregates. If the 
quantities of cement and water be thus determined, the resulting mixtures will 
be of uniform consistency and the finished concrete will have the required 
compressive strength. 

Normal consistency is a consistency which has been arbitrarily chosen in 
the laboratory, and represents approximately tho driest mixture which can be 
placed under the best field conditions. Any other decree of plasticity may be 
obtained without sypreolably affecting the quality of the finished concrete by 
increasing the cemont and water content proportionately. A consistency which 
required 15 per sent. more cement and water than did thia normal consistency 


has been found suitable for chuted cousrete. 
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Water-cement ratio, as ordinarily defined, is the ratio of the volume of 
water to the volume of cement, tut in the practise of the Hydro-Electric Fower 
Commission it is defined as the ratio of the weight of water to eas weight of 
cement. Using the volumetric water-cement ratio in practical proportioning 
gave rise to considerable confusion which has been almost entirely overcome by 
the use of the weight basis. 


Your classes of concrete, called for convenience Clagses "A", "3B", "0" 
and "D", were in use on the work, Class “A" was specified as being of such 
quality as to show & minimum compressive strength of 2,500 pounds per square 
inch at the age of twenty~oight days when tested im accordance with the sie. 
dard methods of the eee ee ee "O" and "D" were required to have 
minimam compressive strengths of 2,000, 1,500 and 1,900 pounds per square inch, 
respectively, under the sume conditions. The testing methods of the Commission 
are the same ae those of the American Society for Testing Materials, 


4 complete system of inspection was carried out commencing with the 
materials at thelr source of supply. 

‘Proportions for the various classes were set by the chief field inspector, 
and were determined by a modification of the Miwards surface area method of 
proportioning as developed in the laboratories of the Commission. By this 
method not only were the proportions of cement and aggregate set, bat also 
that of the water. This was accomplished by limiting the quantity of water 
per bag of cement for each glass of aggregate. The consistency of the mixtures 
used was such as to flow readily, tut without secregation, down a ahute with 
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@ slope of one vertiosl to two and « half horizontal. Where the son- 
sistency could not be obtained with the proportions set, or where eiroum 
stances required a wetter mixture, additional cement was added until the 
ratio of water to sement was broaght within the vresoribed limite. Ins 
other cases where o drier eonsistenay could be used, wivasbaine was taken 
of the circumstances by using less cement, always maintaining the proper 


ratio of water and sement. 


it is interesting to note, in passing, that the method of determining 
the proportions eecerdiug to the practise of the Hydro-clestrie fower Com 
mission results in a esas ow 0d mh the quantity of cement over that 
Which would ordinarily be estimated fer sonecrete of equal quality. Myr. He B. 
Young, the Senior assistant Laboratory Engineer of the Commission, who directs 
the application of the avers principles, has mde an estimate which showa an 
actaal saving of over 50,909 barrels of cement by using the principle of the 
Hydro-Zleetric Sower Commission a¢ compared with standard practice to obtain 
eoncrete of eqaal een tty for the 419,909 cubis yards of soucrete made up to 
the end of the yesr 1921, 411 the estimates show a very meterial saving in 
the Genninetionts practice. | 

The average wsount of cement ened per oubio yard of concrete in all 
Glasses has been 1,28 barrels of 380 pounds net weight. The averages for 
the different Glasses have been as follows, although in isolated eases Class 


"O" gonerete, for 


oxample, hes required ag moh ag 1.46 barrels of cement per 
gubic yard, while at other times only 1,91 barrels per cubic yard have been 
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Average Amount of Cement Used per Cubio Yard of Concrete 

Class Barrels per Cabia Yard Compressive Strength per sae ins 
"A" 1.67 Minimam of £,500 pounds at 23 deye 
mp 1.46 “ 2,000 * " 
nage | 1.80 " 1,000. * " 
“pe 0.98 4 1,000” " 
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All of the masonry in the permanent work is of conorete or reinforced 
conorete. The concrete has been made of Portland cement and water with an 
aggregate of sand and crushed rock, The princsiples employed by the engineers 
of the Hydro-¥lectric Power Commission have already been disoussed in the 
opening part of this Chapter, 

Conereting of the canal lining was commenced in November, 1920, and the 
‘tulk of it was completed by the middle of December, 1921. During the winter 
of 192081921 and again in the latter part of 1921, calcium chloride was used 
in the conerete of the canal lining to accelerate the hardening process and 
$0 enable the oanal lining plants to proceed rapidly. The quantity of chloride 
used varied from 6 to 15 pounds per yard batch, averaging 9 pounds per batch or 
about 22 per cent. by weight of the cement in the mixture. he chloride was 
delivered to the mixing plant in drums and dissvlved in weter as required. The 
method usually followed was to fill a barrel with water to s mark set by the. 
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imepesctor. Zhe chioride was then added until the water level rose to a second 
mark, steam being then admitted into the barrel to dissolve the chloride until 
the surface level of the mixtare rose to a third mark, yleiding a aolution of 
the desired strength. Swo gillone of the solution was added to each batch of 
gonerete by discharging it into the barrel used to proportion the water. A 

very noticeable increase in early atrength of the Gonuerete was obtalued by ite 
use, and it was sessibie to strip the forms in as short a egpace of time as 


twelve houra, even in freezing weather. 


The soncrete throughout the work is of excellent quality. The alignment 


is good. The surface is dense and its texture is uniformly even. 


Cement. 


4 total of 506,125 barrels of cement was used up to December Jist, 1921. 
It was obtained from five different mills. ‘The greater part of the cement was 
“bin tested", that is it wes sampled, teated and accepted before it left the 
mill. fo meke thie possible, special bins were reserved at the milis for the 
exclusive use of the Hydro-Blectric Fower Commission. While these bins were 
being filled, samples of the cement were taken from the conveyor and seat to 
the Commission's laboratory at Toronto for test. Shipments were not made until 
the cement was shown by teat to be en tpatiebent. It was loaded on the cars as 
required under the supervision of the superintendent resident at the mill. The 
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arrangements of the concreting plants on the work permitted the handling of 
eement in car lots, hence accepted coment could be used directly on receipt at 


the work without delay and without re-hendling. 


Owing to the serious cement shortare experienced in the summer of 1920, 
the engineers of the Comminsion decided to atore a large quantity of cement 
during the winter of 1920-1921. Three large sheds vere erected, one 20 feet 
wide end the others 35 feet, with a total lemgth of 1,769 feet. in these sheds 
112,000 barrels of cement were stored in sompact piles 11 feet high. ‘Zhe doors 
of the buildings were then sealed and not re-opened until the cement was needed. 
This cement was stored shin Sen WY sn wach storage period for part of it ex- 
tending to eleven months. It is stated that no appreciable deterioration was 


found them the teste were made before using. 


The orders for cement placed by the Hydro-Dlectria Power Commission during 
the years 1916 te 1921, inelusive, are given on the table on page H-8. ‘This 
list includes all the orders for the cement used by the Commission during this 
period and is not sonfined solely to the Queenston-Chippawa Power Development 
as will be seen by reference to the remarks. 


Sand. 


The sand was obtained from several different sources. ‘The first supply, 
being that used in 1917-1919, came from a pit whieh was acquired as part of the 
right-of-way. Subsequently a pit was purchased which met the needs of the work 
until the Spring of 1921, when it became necessary to obtain large quantities 
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of sand from other sources. 

Approximately 235,909 oabio yards of sand were purchased. Half of this 
‘wag obtained from a pit accessible to the service tracks of the work, and the 
balance was brought from Leke Ontario. 

The pit sami wes loaded by steam shovel into dump cars at the sand pit 
ami delivered by the contractor either directly to the conereting plants or 
to the storage pile situated at the fForebay. 

The lake sand was dredged from the sand bar at the mouth of the Hiagara 
River by a sand-sucker having 500 gubio yards capacity, and capable of making 
four round trips per day from the sand bar to the dispogal wharf. On the 
wharf, which ts situated Lilo abonrs Lake begide the tracks of the Nichi- 
gan Central Hallroad, was a lurge storage bin into which the send waa deposited 
from the sand-sucker. It was taken from the bin by derricks with clam shell 
packets and loaded into stenilard steel dump cars in which it was heuled twelve 
miles to the Commission's siding at Stamford. At Stamford it was taken by the 
Hydro-Zlestrics Powor Commission locomotives and distribated to the mixing plants 
or gent to the storage plle sosording to clreumstanags,. 

Soth the pit send and the lake sand were of limestone origin, the pit sand 
having on nverage surface area of 2,150 square feet per 100 pounds, and the 
lake sand a corresponding average surface aren of 1,650 square feet. This is 
equivalent to a fineness modulus of 2.7 and 2.2 respectively. The pit sand 
gontained fine mterialsa passing the No. 159 sieve to the extent of 4 to 6 per 
cent. by weight. Ghe lake send contained practiaslly no fine material. To 
attain the same rewult at the mixer plants under identioal conditions, the pit 
sand was found to require approximetely one~half of a bag of cement more for 
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each batch of eonerete than the leke sond, due in part to the divfverence in 
evadation and im part to the difference in the eharacter. of the soustituent 
particles of the two aggregates. 

the sand was purchased at a cost of $1.50 per euble yard, delivered, for 
the pit sand, and $1.65 per oubio yard, delivered, for the lake gond, The 
lake sand was purchased from the Hationmal Send & Material Co. of Welland, 
Outaric. 


Crushed Kook. 


the orushed rock was ge aad icone from the canal exoavation, 
selected as required from the steam shovel outpat, whieh Varied from compara- 
tively small pieces up to those having 5 volume of several cuble yards. It | 
wag delivered as excavated to a 60" x 64° jaw erusher specially wailt to bandle 
it. After passing through the jaw crusher where 1t wax reduced to approsimate- 
ly 6 imohes in size, it was carried by belt gonveyors to @ battery of four 
gyratory inane whieh redueed it to approximately 2 inches in greatest din- 
moter, and @maiier. From the gyratory orashers it passed to a sereening plant 
where the dust was removed on a 3/6-inch "dust jacket", and the larger parts 
were screened out on a revolving screen 6 feet in diameter end 50 feet long, 
fitted with plates having S-inch round openings, which guve commercially 
Sminoh screened orasher ran. This was discharged upon a belt and taken to 
atorage. ‘The over~aise from the sereen went to & amall myrratory crusher whieh 
reduced it to 14 inches. The product of this crusher was screened and stored 
separately, and used where the larger sized material would be unauitable. The 
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eapacity of the rushing emi sereening plant wos 3,000 euble yarde per day. 
This ospacity was reached in operation, the output averaging nearly this 
-fimare for extended periods. The grading of the crushed rock was practically 
uniform between 1/4 inches and 4) inches. It contained on an average 6 per 
gent. of dust and orusher screening. It was reasonably free from flat and 


Glongated pleses. 


The product of the crusher plant was not used entirely for concrete vork, 
& condition which nece¢sitated the consideration by the engineesre of the most 
suitable maximum dimension for its output. The choice of 2 inches as a maxi- 
mum size was a compromise ocbbn ay, 4 gala ‘aebeumau of the conerete aggregate 
on the one band and the large quantities of crushed rock which were to be used 
for ballast, highways, foundations amd f111 om the other. If only requirements 
of the concrete could have been considered, a smaller maximam sise would have 
beon more satisfactory, sinse its ase would have been less severe on the son 
creting plant and the concrete would heve been easier to handle and to place. 


Approximately one~third of the stone crushed up to the emi of the year 1921 


has been used for concreting 


The principal storage for the aggregate was loeated at the Forebay in con~ 
janction with the crusher plunt, the general arrangement of which may be clearly 
seen in the aeroplane photograph included herewith as page B-12. This photo~ 


fraph hes been marked with reference figures for convenient use. ‘The figure 1 


a nog Riri ag ative fe £668 teat deeb si 3 aon 2 : 
inte, angie adit. eeete oy 


a hse. Bad at : | 
“gliselisony Ga eos ate om) “%8 sabe rt ait 
cag & ogee ae to Bom tagmnge 4h) oot i Na mati 
noe vedemin bee ni. te bens - 


ee 


| gkver etevernoe “ot gloukdm fine dame nay dusky aadense wit te seston ade 
See et to eapeaignt oft, we subterabieves wiht have vindeoes Seksie sobs tice a as 
; igen ote sacouk (2 to solose nak sain eee. xn cen a were 
ay cuore & nae wie a 


esagermse staneunae pad ve Itenerital 


dys 


hisee ad 66 whee todan Hit fetaace te ‘elseaay Gaal od a > tan ono edt ao fae 

“afoussiayes tes ML cccae add eo Kits tao Woettahacsh yeyente ee 

ered aseee “pe die sents ‘seis a “omnatesag ao ovat Sisop stereos ot a Be 
eae “aes ge Hiroe. does aned ome ‘dae ow er onal seivdosradter roe: mend 
sebate OF dma alised ef tulsae Dept ecil bhoue otewnee oa soot settee 
Kae k ae, ‘odd: 86. bite att of 8 Seieote seoke oat xe betecwowe Bla ; wenkae reg, 


auco ad yatewo? afd evsens to, vse 
: i tinea te od vost doldy oe gumgar ie Aeeee 
es ee apa a a, oa pat 
| tt ant 308 Seen kne yrEID 6K wit 


lille i ostsme gical 707 bt co wap ty ite al > reared is san NE aetna PEE YUL SPIO PES ONEE SO IORI S ANEITIGEE 8 VARS ELIE BE A EAL ORE EA ON ERD SEPA A “yy 


A NRE Mca Se Mt NORIO 


Soa emnee 


cep eeiayen se 


ee 


eaten 


rN LN TTT AL BET Bie 


a A ANE A RG LED It OE CTT OGLE ON 


ee aa ei pitiless channel tanita tbe LETT ALR ALL LDL L ALLE DLL LE LAL OL MAM LESLOOET NT  —p 


WaLTerR J. FRANCIS & COMPANY. 


CoPY FOR ENCLOSURE TO Mre Je Allan Ross. 


To face page N~12 


Ho, Hel 


Photograph showing 


looking north-easterly from aeroplane. 


faken September 23rd, 1921. 
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denctes the lower end of the Canal. ‘The figure 2 is in the centre of the Fore- 
bay. The figure 3 marks the Soreen House under construction. The diffuser at 
the mouth of the Forebay is indicated by the figure 4. ‘The Camps generally are 
shown by the figure 5. The figure 6 shows the service trseks on the westerly 
side of the Canal, The figure 7 points to the first of the crusher plants 
where the elietaied rock is deposited in the hopper directly from the dump cars. 
the secondary, or 2-inch crusher plant is indicated by the figure 8. Leading 
from this my be seen the conveyor which deposits the crashed stone on the stock 
pile denoted by the figure 9, ‘The figure 10 marke out the stook pile of finer 
aggregate already referred to. The sand ates pile is shown by the figure 11. 
The mixing plant for the rhwor (ohsf-is Known at figure 12, while the figure 

15 marks out an ares which was used for a general piling ground and stock yard 


for miscellaneous construction material. 


The concrete Zor the work was made in twenty-one separate plants situated 
along seven and one-half miles of the development. The sonorete mixers vere of 
the standard type, being generally one~yard machines operated singly or in 
pairs &¢ the clreumstances demanded, They were driven by electric motors in 


@ll gases, 


fhe customary methods of handling the concrete by meaus of towers, chutes, 
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hoppers and so forth were used in all the ordinary circumstances. Two of the 
prineipal elements of the development, however, or rather two parts of the sane 
element heretofore referred to as the Canal, are worthy of special note and 
deseription. One of these is the concrete lining of the Canal on the bottom 
and sides, and the other the construction of the conerete lining of the whirl- 


pool sestion of the Canal. 


the paving of the floor of the Canal and the liming of the sides was 
designed to be twelve sneaker hed dy of plain conerete. Accurate fleld 
measurements and culewlations have been made to determine the actual thickness 
constructed, and it is considered thet the average thiceness is something on 
the order of seventeen inches, the extra thickness being due to the excavation 
overbreak and to the irregularities of the excavated rook surfaces. 

The ganal is lined throughout ites length in the rock eection, 4 distance 
of about seven and one-quarter miles. 


‘the sequence of operations in lining the Canal, which required concrete 
ever the whole your 48 feet in width, and the finish of the walls 35 feet in 
height, was as follows: first, the paving of a strip of floor 15 feet wide on 
either side of the canal pottom; segond, the eonstruction of the side lining 
in alternate panels 40 feet in length; third, the filling in of the intermediate 
panels of the side Linings and fourth, the paving of the centre strip along the 
bottom of the Canal. 
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For the transportation of concrete and materials to the mixer plant, @ 
track located on the rook surface at the edge of the excavated section extended 
@long one side of the Canal from end to end of the work. VYart of this track 
was originally laid for the removal of rock excavation, bat a high-level scross- 
over track involving a temporary railway bridge, together with approximately 
three miles of additional track, was provided expressly for concreting purposes, 
Fipe lines parallel to the work supplied both water and air under pressure. 

The dividing up of the floor into three strips was arranged in order to 
get widths which could be soreeded properly in es longitudinal direction. The 
Centre strip was left until after the lining was pleced for two reasons,- to 
provide space for materia(s o¥ea}ed ap rom the sides, and to avoid the diffi~ 
guilty that might ensue from the drippings of the lining plant mixers on the 
finished. paving. 

The rock forming the floor foundation and the backing of the lining was 
seamy and water bearing. It is recorded thet the pumpage of water entering 
the Canal through the rock smounted at times to over 15 million gallons per 
day. To provide drainage for this water, a soncrete pipe line was laid below 
grade along the centre of the canal bottom. Sumps were opened and pumps were 
installed at intervals of about half a mile. ‘Wherever there was a noticeable 
flow through the rock the seams were opened up and bulxheaded with planks, and 
the water was led from behind the bulkhead through a small pipe extending to 
the floor level. 

When the side strips of the floor paving were laid, expansion joints were 
placed at intervals ef 50 feet. These joints were made of two thin boards laid 
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ag an inverted "vy", the top of the joimt being 2 inches below the floor surface. 
Channels wore times provided for carrying off the water from the sides to the 
centre drain, Where the seepage behind the side walls was so diffused as to 
vender its eollection impracticable, it was absorbed by the concrete, the mix~ 
ture of which was adjusted from time to time by duly apportioning the quantities 
of sement, sand and water. 

The floor paving was fer the greater pert placed by meane of travelling 
paving plants. Later the ues of these was abendoned and the work was done by 
the several lining plents as they progressed, using chutes ond concrete buggies. 


The paving plants received the mterials through schates extending up to cars 


spotted on the service fd G) [9 Y 


By the end of 1920 a length of sbout two miles of the ounel prism had been 
excavated to grade and made ready for concreting. Im addition to this, there 
remained the length of about five and one-half miles of Canal in which the five 
large shovels were working at separate points. The concrete schedule, therefore 
reyguired to be arranged so as to complete the whole work immediately after the 
shovels had finished the excavat ion. The schedule was garried out so that the 
sonoreting was finished eightoen days after the excavation wes completed, and 
the water was admitted into the Canal six days leter, that fe on December 24th, 
1921. 


a Hine lining plants were erected and ased in the work, while later e half- 
plant was re-assembled from the two plaute first dlamantled. After an unsuc~- 
cessful attempt to procure & gatisfactory type of plent from specislists in 
this line of work, the engineers of the Hydro-~fleotric Power Commission designed 
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the present units, which were portly manufactured and entirely assembled in 
their own plant at Biagare Yells. 

Each plant was complete in itself consisting of three units,— the form 
units im fro and rear with 4 mixing unit between the two. Each unit wae 
mounted on special trucks and travelled on tracks laid om the two side strips 


ef the floor already placed. ‘hey were moved by means of tackle attached ahead 


to anchorages set in the rock bottom, the motive power baing supplied by the 
mixing hoists. Zach form was suspended trom two 7i-ton jacks reetiag on e 


gentral structure of steel became ond heavy timbers. These timbers wore design- 


ed to withstand the add 


moving, and the thrast ped Ge ©) Pua Ye Liquid conerete. Sach form was kept 


od weleht of tne form panels, the heavy stresses due to 


in place by means of 24 screw jacks operated by hand wheels. The form wag made 


of 3/8~-inoh steel plate backed up by a frame work of steel beams, and consisted 
of « base panel & feet high, and five movable panels wach approximately 6 feet 

high. the base panel “an shaped to form the bevel at the bottom of the side 
walls. ‘The movable panels sould be raised so that spading operations for each. 


6-foot lift might be carried on by working between the panels. fhe panels were 


Paised and lowered by means of reds suspended from winches at the tep of the 


etructurs. 


Zhe top of the framework supporting the forms was floored over, and through 


this floor five openings were provided on either side with a conerete hopper, 
each of which discharged into a flexible drop chute reaching to the bottom of 
the forme. 4 stairway gutending trem top to bottom of the structure, gave 
access to platforms at intermediate levels from thich the concrete was spaded. 

With this plant it vequired from six to eight hours to fill one set of 
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forms. ‘he maximum output per unit per week was 320 lineal feet of lining. 

She mixing plant carried a divided bin for orrregate atoruge with 4 total 
capacity of 30 cubic yards, arranged to receive aggregates side~dumped from 
standard 20-yard eursa discharging from the service track which in some cases 
was over 40 feet higher than the bins, The structure alec contained storage 
room for & carload of cement. The mixer, of one cabio yard capacity, wae 
operated by an ¢lectria motor. Conerete was elevated In o one-yard aicip by 
moons of sm ¢lectric holst and steel tower 95 feet high At the tor of the 
tower wes situated a hopper discharging imto two lines of chutes for eonereting 
in the front or the rear forma ag desired, The mixing plant aleo contained 
apparatus for the vain les Le ledate\visbesen when used. The total weight 
of the three units eomposing « single lining plant was over 600 tone. 


4% the five bends in the Cenal ordinary form work was used. The concrete 
was delivered already mixed in special hopper cars and deposited direstly behind 
the forms of the adjacent #ide, and through chutes to the opposite side. 


The next succeeding nine pages, being H~19 to 27, show comprehensively 
by moatis of photographs the general design of the lining plents and the various 
Stages Of the concrete lining work from the laying of the side strip of floor 
paving up to the finish of the Canal, 


the trapezoidal of the prism at the whirlpool seation, over a mile in 
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looking slong Canal bottom. 


Taken November 4th, 1920. 
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Taken December 2nd, 1920. 
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Photograph showing 


looking north from Station 455, 


Taken Jammry 8th, 1921. 
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Photograph showing 
YaAue) \ ning and Setaining Walle, 


looking south from HeC wR. — G.Telie Bridge. 


Taken May 16th, 1922. 
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looking south tre gry Doad/ Bridge. 


Saken June 16th, 1921. 
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Fhotograph showing 


looking northerly. 


Paken May i9th, 1¥21. 
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Photograph showing 
Finished, Cans 


faken December 22nd, 1921. 
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No. H-12 
Fhotocraph showing 
Finished Canal, 


looking under mnefrola(Ageal Dendfrary Bridge, 


Taken December 23rd, 1921. 
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EAnieues Cans, 
showing W.C.K, - G26 agro mr bridges. 


Taken December 23rd, 1921, 
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length, was constructed by a special syatem. ‘The concrete of the floor and 
sides was designed to be 12 inches im thickness. A description of the section 


has already been given in Chapter EZ, the general description of the devel opment, 


on page 2-25 thereof, 


¥or this work o stationary concreting plant was erected capable of turning 

out 1,000 oubie yards of concrete per day. This plant consisted essentially 
of 4 timber trestle on a 3 per cent. grade for the delivery of aggregates, 
arranged so that materiela eould be discharged either fren bottom or side-dump 
ears into the storage bins. The materials were delivered by gravity to the 
mixers, the cement being & track alongside of the plant. The 
mixers were set suffici BORE BY Ae @roand so that the mixed concrete 
could be discharged into carse 

AS it was regarded impracticable to maintain delivery of the raw material 
throughout the season for the opposite side of the Canal from the plant, it 
was decided to do all the concrete mixing for the section at one side and con~ 
vey the concrete aoross the Canal to the opposite side by means of a chate 
359 fect long, for which purpose the material was elevated by a tower 180 feet 
high. A lower tower was erected on the opposite side, ami between the two 
towers a chute was suspended on & slope of 22 degrees from the horizontal, 
two mixers supplied concrete for the work on the side on which the stationary 
plant was erected, and a separate mixer was provided for the ‘oonerete to be 
delivered for use on the opposite side. Approximately sib Me sabig yards of 
mixed concrete was Gluted soeross the Canal from this mixer. the consistency 
of the concrete was such that delays or stoppages due to slogging the chute 
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were non-existent. 
Specially designed all~stesol motor-driven cars, made at the plant, were 
used for handling the mixed concrete. Steel beams mounted on standard gauge 


trucks formed a base for four lé~yard, side-dump conerete car bodies, so placed 
on the base that two mixers could be discharged into them simultaneously. 


The method adopted to worm the side Slepes, which were of reinforoed 
sonorete, was to make marrow strips true to the line of the sloper by means 
of wooden forms, these concrete strips soting later as guides for the movable 
forms ueed for filling the intervening spaces, ‘The movable forms were essen~ 
‘thally Wide screeds made Gi hs oa a etractural steel frame. These 
forms were weighted down by sand bags and drawn up the incline by means of an 
éight-part~line tackle attached at the top of the slope to a small hand-operated 
winch. Contimious operation of this winah resulted in a rate of progress up 
the slope of about eight feet per hour. Concrete reached the forme in galvan- 
ized iron chutes laid on the slope, and as the forms proxressed the surface of 
the concrete was given a trowel finish. Six of these forma were in commission, 


and @ daily rute of 4,000 square feot was reached. 


The stationary plant erected for this werk also supplied concrete for 
other work along the Canal. The concrete was delivered in cood sondition from 
cars, at a distance of over three miles, the mix being specially proportioned 
for the long hauls. 


The ten photographs included in the next succeeding six pages, being H-30 


to HeS5, show the methods of gonstrustion from the commencement of concreting 
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Noe Helt 
fhotograph showing 


looking north from Station 334, 


Taken April 7th, 1921, 
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Thotograph showing 


looking north from Station 343. 


faken April 7th, 1921. 
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looking north from Station 340. 


Zaken May Sth, 1921. 
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Taken May 6th, 1921. 


(H-31) 


b e hers f ae 
& A 


2208 mei fa eb em OF ARU2OIINA AOT YAGD 


neal acaba an emia id at naa 


ba’ 


= Wea, seo 


ne ak ois 


Water J. Francis & ComPANY. 
Copy For EncLosure to Mr. Je Allan Ross, 


fo face page BeBe 


Ho. H-18 


Photograph showing 
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Ho, Held 
Fhotograph showing 


Taken May 19th, 1921, 


looking through northerly Trangition, 


Taken June 18th, 1921. 


(H-33) 


‘gets POS ed - or a a) os Pa ua r ree % 
rs ED , PD LA ae tah (i -B4) 
, 3 1 tesa scaciaiaacetel emma takaaderannibe alten nth me, uate. cease ee 


Ot Fs ynaamod B etonand .L natsaW 
(e@@08 sSllA 2b atl of anuaoiand soa yI03 


a ee 


% 
as 


1S ee SS Set em 28, ye ate EE aR NTE TIM, 


Soret rer veer at mmc 4 bisoncetaiitail 
Nae . 


Se eae ae ee Set ee ee og ee ee a SR no eo Se a a cs ee ce 


‘ie 
i 
My 


CS) Ra) 


Water J. Francis & COMPANY, 


Copy ror EncLtosure to Mr, Je Allan Hoss. 


fo face page K-34 


Ho, HeZ1 


Fhotograph showing 


looking north. 


Taken July 7th, 1921. 
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Wo. H-22 


Photograph showing 


looking north. 


Taken July 23rd, 1921. 
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to the Completion of the work ou the whirlpeol section. 


Quantities. 


the total quantity of concrete and reinforced conerete in the ‘meenston- 
Chipypawa Power Development as at Zoreh Slet, 1922, is 427,164 oubie yards, 
exdlusive of 190 cubic yards in the ovankerwataht of the Chippawa Highway 
Bridge. “he di stribatdon of the above quantity in the principal elements of 
the development 1s a0 follows: aden | 
Canal soaseecesevesvsvcvcsveavers 30% 299 oubte yards 


forebay oH eH HOH #4 s aye tee 6,449 
Sercen House an relgteh Ye. 52,492 " " 
PONStOGKS sevovsevseeventsvsasaves 9,926 ” " 
PoOwes? Hose ecevctassresesnennens 69,072 x " 
bridges eee ee Tees Cee eee eee) hb BBS ” 

Total er hes gable vista 


Prom November 1st, 1920, to December 17th, 1921, 410,009 enbie yards of 
gonorete were placed, 579,000 oubie yards of thie being placed in 1921, of which 
quontity 332,000 guble yards were deposited from ay to Degember inclusive, et 
an average rate of 41,500 cubic yards per month. The resord in placing during 
one day was $,046 cabio yarde with seventeen plants operating, the record week 
18,278 cubis yards, and the record month 65,562 oabic yards. The concrete 
work of the record week, being the week commencing dune 70th, 1921, ia as fol- 

lows: 
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AG POwr Boag: ca sciese cress anees vanes 1,162 oubic oe a 
At Soreen House seceveseveccsanesvensese 1,319 
At Forebay POCO RERER EHR EHH RE REO OHO KDE “481 ad ¥ 
At Forebay (Gunite) RORHHET HEH OHO CERO ES 49 " 
Im Division (11, Canal Lining | 
fo. 1 Lining FIONE sascccsseseenene 998 
Bow 2 Liming Plont scccsecsnseussee 137 
Ho. 3 lining Plant ccsesceccsccunes 1,131 
NGe 4 Lining Plant PEP RHE CEPR Re eH 1,306 
Ho. & Lining Plant ceencscacvsavees 1,866 
No. 6 Lining Plant wscovscecseunees 2,170 
Carve Lining? Plamt sesssssessnveves B36 
BOs 1 Paving Plant sessconsevennees 157 
Bo. 2 Paving Flaunt sesenecesscssene 219 
Now 4 Paving Plant escscvcuseenvous 172 
Be. & Paving Plant cescevscecaeenss 966 
by Hontrose Stat onary Plant A sesseenss 1,381 
by Whirlpool Stationary Flemt sovesousers er * 
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Ag already set forth more particularly in Chapter G, which deals with 
sonatruction procedure, all of the concrete work on the Qaeonston-Chippaxa 
Power Development was completed by the ongineera of the Hyiro-Electric Power 
Commission under the foras acecant system of procedure, with the exception of 
about 190 cubie yards of contrete in the counterweight of the Chippuwa Highway 
Bridge done by the contractors for the bridge superstracture as part of their 
contract therefor. For thie latter amount the engineers of the Hydro-Llectric 
Power Commission exercised regular encineering supervision, the contractors 
being responsible for plant and labour in the usual way. ‘he greater part of 
the quantity 427,164 cubic yards was done directly by the special constraction 
foroe under the immediate direction and oontrol of the Chief Hydraulic Engineer. 
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In the superstructure of the Power House and in certain parts of the Sereen 
House and of bridge superstructures assistance was rendered by the Electrical 


Department and by the liailway Deps 
Engineer being in immediate charge of the necessary co-ordination, all ae set 


ment, respectively, the Chief Hydraulic 


forth in Chapter FP which describes in detail the organization for the work. 
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Consulting Rupineer. 


Toronto, damary 3, 1923. 
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